
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 4 9   4 6 4  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81107746.0  ©  Int.  CI.3:  A  61  B  6 /02  

©  Date  of  filing:  29.09.81 

©  Priority:  08.10.80  JP  141016/80 

©  Date  of  publication  of  application: 
14.04.82  Bulletin  82/15 

©  Designated  Contracting  States: 
DE  FR  GB  NL 

©  Applicant:  TOKYO  SHIBAURA  DENKI  KABUSHIKI 
KAISHA 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210(JP) 

©  Inventor:  Yamagishi,  Yoshio 
385-44,  Takeshita-cho 
Utsunomiya-shi  Tochigi-ken(JP) 

©  Representative:  Patentanwalte 
Henkel-Kern-Feiler-Hanzel 
Mohlstrasse  37 
D-8000  Munchen  80(DE) 

FIG.   5  

(0 

0)  

o  

©  Method  and  apparatus  for  collecting  X-ray  absorption  data  in  X-ray  computer  tomographic  apparatus. 

An  X-ray  tomographic  apparatus,  an  X-ray  tube  (11)  and 
an  X-ray  detector  (12)  arranged  to  face  each  other  via  a  body 
(10)  are  caused  to  undergo  reciprocation  along  a  plane 
section  of  the  body  (10)  for  collecting  X-ray  absorption  data 
of  the  plane  section  in  a  given  angular  aspect.  Two  different 
kinds  of  X-ray  absorption  data  dependent  upon  respective 
different  energy  levels  are  collected  on  the  basis  of  different 
tube  voltages  during  the  respective  forward  and  return 
movements  in  one  reciprocation.  After  one  reciprocation,  the 
X-ray  tube  (11)  and  X-ray  detector  (12)  are  rotated  by  a 
predetermined  angle  relative  to  the  body  (10).  The  reciproca- 
tion  and  rotation  are  alternately  repeated  to  collect  X-ray 
absorption  data  of  the  plane  section  of  the  body  (10)  in 
various  angular  aspects.  The  accuracy  of  the  CT  value  can  be 
increased  using  the  two  different  kinds  of  X-ray  absorption 
data  during  the  forward  and  backward  movements. 



Thi s   i n v e n t i o n   r e l a t e s   to  m e t h o d   and  a p p a r a t u s   f o r  

c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   in  X - r a y   c o m p u t o r  

t o m o g r a p h i c   a p p a r a t u s ,   which   can  o b t a i n   p r e c i s e   X - r a y  

a b s o r p t i o n   d a t a   w i t h   r e s p e c t   to  a  g i v e n   p l a n e   s e c t i o n   o f  

a  p a t i e n t ' s   body  and  a l s o   p e r m i t s   r e c o n s t i t u t i o n   of  a  

h i g h   q u a l i t y   t o m o g r a p h i c   i m a g e .  

Among  X - r a y   t o m o g r a p h i c   a p p a r a t u s ,   t h e r e   are   c o m -  

p u t o r i z e d   t o m o g r a p h i c   s c a n n e r s   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  CT  s c a n n e r ) .  

One  such  CT  s c a n n e r   a d o p t s   a  t r a v e r s e   and  r o u n d  

s y s t e m   a l s o   c a l l e d   f i r s t   g e n e r a t i o n .   F i g .   1  shows  t h i s  

f i r s t   g e n e r a t i o n .   In  t h i s   s y s t e m ,   an  X - r a y   t ube   XT  a n d  

an  X - r a y   d e t e c t o r   DT  are   d i s p o s e d   to  f a c e   each  o t h e r   v i a  

a  p a t i e n t ' s   body  P,  and  t h e y   a re   t r a v e r s e d   t o g e t h e r   i n  

t h e   d i r e c t i o n   of  a r r o w s   in  F i g .   1,  w h i l e   the   X - r a y   t u b e  

e m i t t i n g   X - r a y s   a l o n g   a  p l a n e   s e c t i o n   of  the   body  P .  

The  X - r a y   t ube   XT  and  the  X - r a y   d e t e c t o r   DT  b e i n g   s o  

t r a v e r s e d ,   a  r a d i a t i o n   p a t h   XR  is  o b t a i n e d   which   i s  

p a r a l l e l   to  the  p l a n e   s e c t i o n   of  the   body  P.  A f t e r   o n e  

c y c l e   of  such  s c a n n i n g   is  e n d e d ,   the   a n g l e   of  i n c i d e n c e  

of  X - r a d i a t i o n   on  the   p l a n e   s e c t i o n   of  the   body  P  i s  

c h a n g e d .   The  l i n e a r   m o t i o n   and  r o t a t i o n a l   m o t i o n   a r e  

a l t e r n a t e l y   r e p e a t e d   to  c o l l e c t   X - r a y   a b s o r p t i o n   d a t a  

u s u a l l y   ove r   an  a n g l e   r a n g e   of  180  d e g r e e s .   T h e  



r e c o n s t i t u t i o n   of  e v e r y   p o i n t   of  the   p l a n e   s e c t i o n   o f  

t he   body  P  is  p o s s i b l e   by  p e r m i t t i n g   X - r a y s   to  be  i n c i -  

d e n t   on  the  p l a n e   s e c t i o n   s u b s t a n t i a l l y   in  a l l   d i r e c -  

t i o n s   or  a n g u l a r   a s p e c t s .  

The  X - r a y   a b s o r p t i o n   d a t a   o b t a i n e d   at  the   X - r a y  

d e t e c t o r   DT  is  a n a l y z e d   in  an  e l e c t r o n i c   c o m p u t o r   t o  

c a l c u l a t e   the   X - r a y   a b s o r p t i o n   f a c t o r   of  i n d i v i d u a l  

p o i n t s   of  the   p l a n e   s e c t i o n .   A  t o m o g r a p h i c   image  i s  

r e c o n s t i t u t e d   t h r o u g h   the  a n a l y s i s   of  each   p o i n t   of  t h e  

b o d y ' s   p l a n e   s e c t i o n   on  the   b a s i s   of  the   d e t e r m i n e d   X- 

ray   a b s o r p t i o n   f a c t o r   and  w i t h   a  g r a d u a t i o n   d e g r e e  

a m o u n t i n g   to  more  t h a n   2 , 0 0 0   s t e p s .   In  a d d i t i o n   to  t h e  

f i r s t   g e n e r a t i o n ,   t h e r e   is  a n o t h e r   t r a v e r s e   and  r o u n d  

s y s t e m   CT  s c a n n e r   c a l l e d   a  s e c o n d   g e n e r a t i o n .   As  s h o w n  

in  F i g .   3,  the   s e c o n d   g e n e r a t i o n   u s e s   as  the   X - r a y  

s o u r c e   an  X - r a y   t u b e   XT  w h i c h   g e n e r a t e s   X - r a y s   in  t h e  

fo rm  of  s e c t o r   h a v i n g   a  s m a l l   a n g l e .   An  X - r a y   d e t e c t o r  

DT  is  d i s p o s e d   to  f a c e   the   X - r a y   t u b e   XT  v ia   the  body  P 

m e n t i o n e d   a b o v e .   The  X - r a y   d e t e c t o r   DT  has  a  p l u r a l i t y  

of  X - r a y   d e t e c t i n g   e l e m e n t s   a r r a n g e d   s i d e   by  s i d e .   F o r  

t he   c o l l e c t i o n   of  X - r a y   a b s o r p t i o n   d a t a ,   the  X - r a y   t u b e  

XT  and  X - r a y   d e t e c t o r   DT  a re   t r a v e r s e d   a l o n g   a  p l a n e  

s e c t i o n   of  the   body  P  and,   a f t e r   the   c o m p l e t i o n   of  t r a -  

v e r s e   s c a n n i n g   in  each   c y c l e ,   t u r n e d   round   by  a  p r e d e -  

t e r m i n e d   a n g l e .  

As  has  been   shown,   e i t h e r   in  t he   f i r s t   or  s e c o n d  

g e n e r a t i o n   the   r e c o n s t i t u t i o n   of  t he   f i n a l   i m a g e  

i n v o l v e s   image  f o r m a t i o n   t h r o u g h   c o n v e r s i o n   of  the   v a l u e  

of  X - r a y   a b s o r p t i o n   t h a t   is  d e t e r m i n e d   by  the  s t r u c t u r e  

of  the   i n s p e c t e d   body  i n t o   a  c o r r e s p o n d i n g   s h a d e   s i g n a l .  

The  X - r a y   a b s o r p t i o n   f a c t o r ,   i . e . ,   the   v a l u e   of  e a c h  

p i c c e l l   c o n s t i t u t i n g   the  i m a g e ,   is  r e f e r r e d   to  as  CT 

v a l u e .   T h i s   CT  v a l u e   is  l i n e a r l y   r e l a t e d   to  the  X - r a y  

a b s o r p t i o n   f a c t o r   and  is  c a l l e d   H o u n s f i e l d   number   a f t e r  

i t s   i n v e n t o r ' s   name.  T h i s   v a l u e   c o r r e s p o n d s   to  a n  

a b s o r p t i o n   f a c t o r   v a l u e   b a s e d   on  an  X - r a y   e n e r g y   o f  

73  keV  ( h e r e i n a f t e r   r e f e r r e d   to  a s  v   v a l u e ) .   T h e  



r e c o n s t i t u t i o n   of  the   f i n a l   image  is  e f f e c t e d   a f t e r  

d e r i v i n g   the   CT  v a l u e .   H o w e v e r ,   the  CT  v a l u e   is  not   a n  

a b s o l u t e l y   d e f i n i t e   v a l u e   fo r   the  f o l l o w i n g   r e a s o n s .  

The  X - r a d i a t i o n   f rom  the   c o m m e r c i a l l y   a v a i l a b l e   CT  s c a n -  

n e r s   u s u a l l y   does   no t   c o n s i s t   of  a  s i n g l e   w a v e l e n g t h   a t  

t he   a f o r e m e n t i o n e d   r e f e r e n c e   e n e r g y   l e v e l   of  73  keV  b u t  

has   a  s p e c t r a l   d i s t r i b u t i o n .   In  a d d i t i o n ,   the   X - r a y  

a b s o r p t i o n   f a c t o r   M  of  a  p r e d e t e r m i n e d   s t r u c t u r e   of  t h e  

body  is  not   f i x e d   b e c a u s e   of  v a r i a t i o n s   of  the   p r o p o r -  
t i o n s   of  the   p h o t o e l e c t r i c   e f f e c t   and  Compton  e f f e c t .  

More  s p e c i f i c a l l y ,   the   X - r a y   a b s o r p t i o n   in  the   n e i g h -  

b o r h o o d   of  a  p r e d e t e r m i n e d   s t r u c t u r e   of  the   body  v a r i e s  

d e p e n d i n g   upon  w h e t h e r   or  not   the   s t r u c t u r e   i s  

s u r r o u n d e d   by  b o n e s ,   and  an  e n e r g y   s p e c t r u m   s h i f t ,   i f  

any ,   c a u s e s   a  d e v i a t i o n   of  the   CT  v a l u e .   The  X - r a y  

e n e r g y   d i s t r i b u t i o n   wh ich   has  the  most   s i g n i f i c a n t  

i n f l u e n c e   upon  the   X - r a y   a b s o r p t i o n   v a l u e ,   can  be  k n o w n  

by  v a r y i n g   the   t u b e   v o l t a g e   of  the  X - r a y   t u b e .  

Most  of  the   e x i s t i n g   CT  s c a n n e r s   use  o n l y   a  s i n g l e  

f i x e d   t ube   v o l t a g e   to  a c h i e v e   the  l i n e a r   s c a n n i n g   of  a  

p l a n e   s e c t i o n   of  the   body .   I t   is  t h e r e f o r e   n e c e s s a r y   t o  

s c a n   the  same  p l a n e   s e c t i o n   two  or  more  t i m e s ,   m o v i n g  

t h e   X - r a y   t ube   and  X - r a y   d e t e c t o r   r e p e a t e d l y   a n d  

a p p l y i n g   a  d i f f e r e n t   v o l t a g e   on  the  X - r a y   t u b e   d u r i n g  

each   l i n e a r   s c a n n i n g .   T h i s   i n c r e a s e s   the  e x p o s u r e   d o s e  

of  X - r a y s   and  r e q u i r e s   a  l o n g e r   t i m e ,   i n e v i t a b l y   c a u s i n g  

t he   p a t i e n t   much  t r o u b l e .   In  view  of  t h i s   the   e x i s t i n g  

CT  s c a n n e r s   c a n n o t   be  s a i d   to  be  so  p r a c t i c a l .  

I t   has  been   c o n t e m p l a t e d   to  p r o v i d e   a  p r o c e s s   o f  

c o m p e n s a t i o n   fo r   the   s h i f t   of  the  CT  v a l u e   d u r i n g   t h e  

c a l c u l a t i o n   f o r   the   image  r e c o n s t i t u t i o n .   H o w e v e r ,   no 

c o r r e c t i o n   me thod   t h a t   is  e f f e c t i v e   w i t h   any  body  a n d  

a l s o   fo r   any  i n s p e c t i n g   c o n d i t i o n   has  been  f o u n d .  

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  m e t h o d  

and  an  a p p a r a t u s   f o r   c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   i n  

an  X - r a y   t o m o g r a p h i c   a p p a r a t u s ,   in  which   the   c o l l e c t i o n  

of  X- ray   a b s o r p t i o n   d a t a   w i th   r e s p e c t   to  a  p l a n e   s e c t i o n  



of  the  body  is  e f f e c t e d   on  the   b a s i s   of  d i f f e r e n t   t u b e  

v o l t a g e s   d u r i n g   the   r e s p e c t i v e   f o r w a r d   and  r e t u r n   m o v e -  

m e n t s   of  t he   X - r a y   t u b e   and  X - r a y   d e t e c t o r   in  a  r e c i p r o -  
c a l   s c a n n i n g   c y c l e   so  t h a t   t he   d i f f e r e n c e   in  the   a b s o r p -  
t i o n   v a l u e   b e t w e e n   the   f o r w a r d   and  r e t u r n   s t r o k e s   of  t h e  

s c a n n i n g   may  be  used   f o r   c o r r e c t i n g   the  d e v i a t i o n   of  t h e  

CT  v a l u e   to  t h e r e b y   i n c r e a s e   the   a c c u r a c y   of  the   CT 

v a l u e .  

To  a t t a i n   t h i s   o b j e c t ,   the   me thod   of  c o l l e c t i n g   X- 

ray   a b s o r p t i o n   d a t a   in  an  X - r a y   c o m p u t o r   t o m o g r a p h i c  

a p p a r a t u s   a c c o r d i n g   to  the   i n v e n t i o n   c o m p r i s e s   a  s t e p   o f  

c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   of  a  g i v e n   p l a n e   s e c -  

t i o n   of  a  body  b e i n g   i n s p e c t e d ,   s a i d   X - r a y   t u b e   b e i n g  

d i s p o s e d   to  f a c e   an  X - r a y   d e t e c t o r   v ia   s a i d   body  a n d  

b e i n g   t r a v e r s e d   t o g e t h e r   w i t h   the   X - r a y   d e t e c t o r   a l o n g  

the   p l a n e   s e c t i o n   of  the   b o d y ,   w i t h   r e s p e c t   to  X - r a y s  

e m i t t e d   f rom  the   X - r a y   t u b e   on  the   b a s i s   of  a  p r e d e t e r -  

mined   t u b e   v o l t a g e   d u r i n g   a  f o r w a r d   t r a v e r s e   of  t h e  

X - r a y   t ube   and  X - r a y   d e t e c t o r ,   a  s t e p   of  a l t e r i n g   t h e  

t u b e   v o l t a g e   a f t e r   the   c o m p l e t i o n   of  the  s t e p   of  c o l -  

l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   d u r i n g   the  f o r w a r d   t r a -  

v e r s e ,   a  s t e p   of  c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   o f  

t he   p l a n e   s e c t i o n   of  the   body  w i t h   r e s p e c t   to  X - r a y s  

e m i t t e d   f rom  the   X - r a y   t u b e   on  the   b a s i s   of  the   a l t e r e d  

t u b e   v o l t a g e   d u r i n g   a  r e t u r n   t r a v e r s e   of  the   X - r a y   t u b e  

and  X - r a y   d e t e c t o r ,   and  a  s t e p   of  r o t a t i n g   the   b o d y  

a b o u t   the   c e n t e r   t h e r e o f   by  a  p r e d e t e r m i n e d   a n g l e   r e l a -  

t i v e   to  the   X - r a y   t u b e   and  X - r a y   d e t e c t o r   a f t e r   t h e  

c o m p l e t i o n   of  X - r a y   a b s o r p t i o n   d a t a   in  one  r e c i p r o c a t i o n  

of  the   X - r a y   t u b e   and  X - r a y   d e t e c t o r ,   the  s t e p   of  c o l -  

l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   w i t h   one  r e c i p r o c a t i o n   o f  

the   X - r a y   t u b e   and  X - r a y   d e t e c t o r   and  the  s u b s e q u e n t  

s t e p   of  r o t a t i n g   the  body  by  the   p r e d e t e r m i n e d   a n g l e  

r e l a t i v e   to  the   X - r a y   t u b e   and  X - r a y   d e t e c t o r   b e i n g  

r e p e a t e d   at   l e a s t   o v e r   a  r o t a t i o n a l   a n g l e   r a n g e   o f  

180  d e g r e e s   to  t h e r e b y   o b t a i n   X - r a y   a b s o r p t i o n   d a t a   o f  

the   p l a n e   s e c t i o n   of  the   body  in  d i f f e r e n t   a n g u l a r  



a s p e c t s .  

A l s o ,   t he   a p p a r a t u s   fo r   c o l l e c t i n g   X - r a y   a b s o r p t i o n  

d a t a   in  an  X - r a y   c o m p u t o r   t o m o g r a p h i c   a p p a r a t u s   a c c o r d -  

ing  to  the  i n v e n t i o n   c o m p r i s e s   c o m p u t o r   means  fo r   e f f e c -  

t i n g   o p e r a t i o n s   of  at  l e a s t   s u p p l y i n g   a  s c a n n i n g   s t a r t  

s i g n a l   to  an  X - r a y   t u b e   and  a l s o   to  an  X - r a y   d e t e c t o r ,  

r e c e i v i n g   a  s i g n a l   i n d i c a t i v e   of  the   d i r e c t i o n   o f  

s c a n n i n g   of  the   X - r a y   t ube   and  X - r a y   d e t e c t o r ,   g e n e r -  

a t i n g   a  t u b e   v o l t a g e   s w i t c h i n g   i n s t r u c t i o n   s i g n a l   at   t h e  

t ime  of  c h a n g i n g   the   s c a n n i n g   d i r e c t i o n ,   r e c e i v i n g   X - r a y  

a b s o r p t i o n   d a t a   d e t e c t e d   by  the  X - r a y   d e t e c t o r   d u r i n g  

the   f o r w a r d   and  r e t u r n   t r a v e r s e s   of  s c a n n i n g   and  a l s o  

p r o v i d i n g   an  image  c o n s t i t u t i o n   o u t p u t   to  a  d i s p l a y   u n i t  

and  a l s o   g e n e r a t i n g   e n e r g y - d e p e n d e n t   d i a g n o s i s   d a t a   f r o m  

the   two  d i f f e r e n t   e n e r g y   d a t a   o b t a i n e d   d u r i n g   the   f o r -  

ward  and  r e t u r n   t r a v e r s e s   of  s c a n n i n g   r e s p e c t i v e l y ,  

means  c o n n e c t e d   to  the   X - r a y   t ube   f o r   s u p p l y i n g   a  t u b e  

v o l t a g e   t h e r e t o ,   and  t ube   v o l t a g e   s w i t c h i n g   c o n t r o l  

means  c o n n e c t e d   b e t w e e n   the  X - r a y   t ube   and  the  t u b e  

v o l t a g e   s u p p l y i n g   means  fo r   c o n t r o l l i n g   the  s w i t c h i n g   o f  

d i f f e r e n t   t u b e   v o l t a g e s   fo r   the  r e s p e c t i v e   f o r w a r d   a n d  

r e t u r n   t r a v e r s e s   in  the   r e c i p r o c a l   s c a n n i n g   of  the  X - r a y  

tube   and  X - r a y   d e t e c t o r   a c c o r d i n g   to  a  tube   v o l t a g e  

s w i t c h i n g   i n s t r u c t i o n   s i g n a l   r e c e i v e d   from  the  c o m p u t o r  

m e a n s .  

With  the   above   m e t h o d   and  a p p a r a t u s   fo r   c o l l e c t i n g  

X - r a y   a b s o r p t i o n   d a t a   in  an  X - r a y   c o m p u t o r   t o m o g r a p h i c  

a p p a r a t u s   a c c o r d i n g   to  the  i n v e n t i o n ,   two  d i f f e r e n t  

k i n d s   of  X - r a y   a b s o r p t i o n   d a t a   w i t h   r e s p e c t   to  a  g i v e n  

p l a n e   s e c t i o n   of  the   body  which  a re   r e s p e c t i v e l y   b a s e d  

on  the  two  d i f f e r e n t   t ube   v o l t a g e s ,   can  be  c o l l e c t e d   i n  

a  s h o r t   p e r i o d   of  t i m e ,   and  a  h i g h l y   a c c u r a t e   image  w i t h  

the  CT  v a l u e   c l o s e   to  the  c h a r a c t e r i s t i c s   of  the  s t r u c -  

t u r e   of  the   body  can  be  o b t a i n e d   f rom  t h r e e   d i f f e r e n t  

k i n d s   of  X - r a y   a b s o r p t i o n   d a t a ,   n a m e l y   two  b a s e d   u p o n  

the   two  d i f f e r e n t   t u b e   v o l t a g e   and  the  l a s t   one  as  t h e  

d i f f e r e n c e   b e t w e e n   t h e s e   two  d i f f e r e n t   d a t a .  



T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   the  a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  view  u s e f u l   to  e x p l a i n   the  s c a n n i n g  

o p e r a t i o n   of  a  p r i o r   a r t   f i r s t   g e n e r a t i o n   CT  s c a n n e r ;  

F i g .   2  is  a  view  u s e f u l   to  e x p l a i n   the   r o t a t i o n a l  

o p e r a t i o n   of  the  p r i o r   a r t   CT  s c a n n e r   shown  in  F i g .   1 ;  

F i g .   3  is  a  v iew  u s e f u l   to  e x p l a i n   the   t r a v e r s e  

o p e r a t i o n   of  a  p r i o r   a r t   s e c o n d   g e n e r a t i o n   CT  s c a n n e r ;  

F i g .   4  is  a  view  s h o w i n g   the   o r b i t   of  m o t i o n   of  X- 

r a y   t u b e   and  u s e f u l   to  i l l u s t r a t e   the  m e t h o d   o f  

c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   a c c o r d i n g   to  t h e  

i n v e n t i o n ;  

F i g .   5  is  a  b l o c k   d i a g r a m ,   p a r t l y   in  s c h e m a t i c ,  

o u t l i n i n g   an  X - r a y   a b s o r p t i o n   d a t a   c o l l e c t i o n   a p p a r a t u s  
in  an  X - r a y   t o m o g r a p h i c   a p p a r a t u s   a c c o r d i n g   to  t h e  

i n v e n t i o n ;   a n d  

F i g .   6  is  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   the  f u n c t i o n  

of  a  c o m p u t o r   shown  in  F i g .   5 .  

Now,  an  e m b o d i m e n t   of  the   i n v e n t i o n   w i l l   be  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   4,  5  and  6 .  

The  i n v e n t i o n   is  a p p l i e d   to  a  f i r s t   g e n e r a t i o n   a n d  

a  s e c o n d   g e n e r a t i o n   CT  s c a n n e r .   F i g .   4  shows  the  o r b i t  

of  m o v e m e n t   of  an  X - r a y   t ube   and  an  X - r a y   d e t e c t o r  

d i s p o s e d   to  f a c e   each  o t h e r   v i a   a  b o d y .  

The  X - r a y   tube   and  X - r a y   d e t e c t o r   which   a re   l o c a t e d  

a t   a  p o s i t i o n   a  is  l i n e a r l y   t r a v e r s e d   f o r w a r d   to  s c a n  

t h e   body  P  w i t h   the  X - r a y   t u b e   e m i t t i n g   X - r a y s   on  t h e  

b a s i s   of  a  p r e d e t e r m i n e d   t u b e   v o l t a g e ,   f o r   i n s t a n c e  

100  kV.  In  the  b a c k w a r d   or  r e t u r n   t r a v e r s e ,   the   X - r a y  

d e t e c t o r   d e t e c t s   X - r a y   a b s o r p t i o n   d a t a   in  a  p l a n e   s e c -  

t i o n   of  the   body  P  in  a  g i v e n   a n g u l a r   a s p e c t .   When  t h e  

X - r a y   t u b e   r e a c h e s   a  p o i n t   b,  i t s   v o l t a g e   is  s w i t c h e d  

t o ,   f o r   i n s t a n c e ,   140  kV.  T h e n ,   the   X - r a y   t ube   and  X- 

ray   d e t e c t o r   r e t u r n   to  the  p o i n t   c.  D u r i n g   t h e i r   r e t u r n  

t r a v e r s e ,   X - r a y   a b s o r p t i o n   d a t a   is  o b t a i n e d   on  the  b a s i s  

of  a  d i f f e r e n t   tube   v o l t a g e   f rom  t h a t   d u r i n g   the  f o r w a r d  



t r a v e r s e .   Thus ,   two  d i f f e r e n t   k i n d s   of  X - r a y   a b s o r p t i o n  

d a t a   a re   o b t a i n e d   w i t h   r e s p e c t   to  the  same  p l a n e   s e c -  

t i o n .   Then ,   the   X - r a y   t ube   and  X - r a y   d e t e c t o r   at  t h e  

p o i n t   c  a re   r o t a t e d  b y   a  p r e d e t e r m i n e d   a n g l e   to  a  p o i n t  

d.  When  the  p o i n t   d  is  r e a c h e d ,   the   X - r a y   t u b e   v o l t a g e  

is   a g a i n   s w i t c h e d   to  the  a f o r e m e n t i o n e d   p r e d e t e r m i n e d  

v o l t a g e   a g a i n ,   and  d u r i n g   the   s u b s e q u e n t   f o r w a r d   t r a -  

v e r s e   up  to  the   p o i n t   c  X - r a y   a b s o r p t i o n   d a t a   i s  

d e t e c t e d   w i t h   r e s p e c t   to  the  X - r a y s   t h a t   a re   e m i t t e d  

from  the   X - r a y   tube   t o w a r d   the  body  P  on  the   b a s i s   o f  

t he   a f o r e m e n t i o n e d   p r e d e t e r m i n e d   t ube   v o l t a g e .   U p o n  

r e a c h i n g   of  the  p o i n t   c,  the   t ube   v o l t a g e   is  s w i t c h e d  

once   a g a i n ,   and  X - r a y   a b s o r p t i o n   d a t a   is  d e t e c t e d   o n  

t he   b a s i s   of  the   d i f f e r e n t   t u b e   v o l t a g e   from  t h a t   d u r i n g  

the   f o r w a r d   t r a v e r s e   u n t i l   the   X - r a y   t u b e   and  X - r a y  

d e t e c t o r   a r r i v e   at  a  p o i n t   f.  The  s e q u e n c e   of  l i n e a r  

m o t i o n   and  r o t a t i o n a l   m o t i o n   as  m e n t i o n e d   a re   r e p e a t e d ,  

and  the   d e t e c t i o n   of  X - r a y   a b s o r p t i o n   d a t a   w i t h   r e s p e c t  

to  a  g i v e n   p l a n e   s e c t i o n   is  ended   wi th   the   c o m p l e t i o n   o f  

1 8 0 - d e g r e e   r o t a t i o n .  

The  d e t e c t i o n   or  c o l l e c t i o n   of  d a t a   on  the   b a s i s   o f  

two  d i f f e r e n t   t ube   v o l t a g e s ,   one  d u r i n g   the   f o r w a r d   t r a -  

v e r s e   and  the  o t h e r   d u r i n g   the   r e t u r n   t r a v e r s e   in  t h e  

t r a n s l a t i o n a l   r e c i p r o c a l   s c a n n i n g ,   p e r m i t s   o b t a i n i n g  

t h r e e   d i f f e r e n t   i m a g e s ,   n a m e l y   two  i m a g e s   b a s e d   on  t h e  

r e s p e c t i v e   t u b e   v o l t a g e s   d u r i n g   the   f o r w a r d   and  r e t u r n  

t r a v e r s e s   and  an  image  o b t a i n e d   by  c o r r e c t i o n   w i t h   t h e  

d i f f e r e n c e   b e t w e e n   the   X - r a y   a b s o r p t i o n s   b a s e d   on  t h e  

two  d i f f e r e n t   tube   v o l t a g e s .   Thus ,   an  image  h a v i n g   a t  

CT  v a l u e   c l o s e   to  the  s t r u c t u r e   of  the   body  can  b e  

o b t a i n e d .   P a r t i c u l a r l y ,   i t   is  p o s s i b l e   to  make  a n a l y s i s  

of  the   X - r a y s '   e l e c t r o n   d e n s i t y   and  the  s t r u c t u r a l   e l e -  

ment   c o m p o s i t i o n   of  the   body  from  the  a f o r e m e n t i o n e d  

X - r a y   a b s o r p t i o n   d i f f e r e n c e   d a t a .  

Now,  an  X - r a y   a b s o r p t i o n   d a t a   c o l l e c t i o n   a p p a r a t u s  

a c c o r d i n g   to  t he   i n v e n t i o n   w i l l   b e  d e s c r i b e d   w i t h  

r e f e r e n c e   to  F ig .   5 .  



An  X - r a y   t u b e   11  and  an  X - r a y   d e t e c t o r   12  a re   s u p -  
p o r t e d   by  a  f r a m e   13  such  t h a t   t h e y   f a c e   each  o t h e r   v i a  

a  body  10.  The  X - r a y   t ube   11  and  X - r a y   d e t e c t o r   12  a r e  
c a p a b l e   of  b o t h   l i n e a r   m o t i o n   and  r o t a t i o n a l   m o t i o n   w i t h  

r e s p e c t   to  t he   body  1 0 .  

A  s t a r t   i n s t r u c t i o n   to  s t a r t   t he   s c a n n i n g   of  the   X-  

r ay   tube   and  X - r a y   d e t e c t o r   12,  a  s c a n n i n g   s p e e d  

s w i t c h i n g   i n s t r u c t i o n   a n d / o r   a  s l i c e   w i d t h   s w i t c h i n g  

i n s t r u c t i o n   a re   s u p p l i e d   as  c o n t r o l   i n s t r u c t i o n   s i g n a l   A 

from  a  c o m p u t o r   14  to  the  CT  s c a n n e r .  

The  a f o r e m e n t i o n e d   two  d i f f e r e n t   X - r a y   a b s o r p t i o n  

d a t a   b a s e d   on  the   d i f f e r e n t   t u b e   v o l t a g e s ,   d e t e c t e d   by  
t he   X - r a y   d e t e c t o r   12,  are   c o u p l e d   as  d a t a   d e t e c t i o n  

s i g n a l   B  to  the   c o m p u t o r   14.  In  t he   c o m p u t o r   14,  t h e  

d a t a   d e t e c t i o n   s i g n a l   B  is  a n a l y z e d   f o r   d i s p l a y   o f  

r e c o n s t i t u t i o n   image  on  a  d i s p l a y   u n i t   15  at  a  g r a -  
d u a t i o n   d e g r e e   c o r r e s p o n d i n g   to  X - r a y   a b s o r p t i o n   f a c t o r  

a t   each  p o i n t   of  the   p l a n e   s e c t i o n .  

A  s i g n a l   C  wh ich   i n d i c a t e s   w h e t h e r   the  X - r a y   t u b e  

11  and  X - r a y   d e t e c t o r   12  are  in  t h e i r   f o r w a r d   or  r e t u r n  

t r a v e l   is  a l s o   c o u p l e d   to  the   c o m p u t o r   14.  A  t u b e  

v o l t a g e   s u p p l y   d e v i c e   17  is  c o n n e c t e d   t h r o u g h   a  t u b e  

v o l t a g e   s w i t c h i n g   c i r c u i t   17  to  t he   X - r a y   tube   11.  T h e  

t u b e   v o l t a g e   s w i t c h i n g   c i r c u i t   16  is  c o n n e c t e d   to  t h e  

c o m p u t o r   14.  When  the   c o m p u t o r   14  d e t e c t s   the  end  o f  

t he   f o r w a r d   or  r e t u r n   t r a v e r s e   f rom  t he   a f o r e m e n t i o n e d  

s i g n a l   C  f rom  the   CT  s c a n n e r ,   i t   s u p p l i e d   a  c o n t r o l  

s i g n a l   to  the   t u b e   v o l t a g e   s w i t c h i n g   c i r c u i t   16  t o  

s w i t c h   the  t u b e   v o l t a g e   s u p p l i e d   f rom  the   tube   v o l t a g e  

s u p p l y   d e v i c e   17  to  the  X - r a y   t u b e   11.  The  s e t t i n g   o f  

t he   c o m p u t o r   14  in  a c c o r d a n c e   w i t h   t he   s y s t e m   c o n d i t i o n  

of  the  CT  s c a n n e r   is  done  from  a  c o n t r o l   c o n s o l e   1 8 .  

The  f u n c t i o n   of  the  c o m p u t o r   14  w i l l   now  be  d e s c r i b e d  

w i t h   r e f e r e n c e   to  a  b l o c k   d i a g r a m   of  F i g .   6 .  

A  s c a n n i n g   c o n t r o l   c i r c u i t   21  g e n e r a t e s   the  i n -  

s t r u c t i o n   s i g n a l   A  s u p p l i e d   to  the   CT  s c a n n e r   a c c o r d i n g  

to  an  i n s t r u c t i o n   s i g n a l   from  a  CT  m o n i t o r   20.  A 



s c a n n i n g   m o n i t o r   2 2  d e t e c t s   the  a f o r e m e n t i o n e d   s i g n a l  

C  from  the  CT  s c a n n e r ,   i n d i c a t i n g   the  s t a t e   of  m o t i o n  

of  the  X - r a y   t ube   11  and  X - r a y   d e t e c t o r   12,  and  r e p o r t s  

the   d e t e c t i o n   to  the   CT  m o n i t o r   20.  A f t e r   c o n f i r m i n g  

the   s c a n n i n g   s t a t e   of  the   CT  s c a n n e r ,   the   CT  m o n i t o r  

20  g i v e s   an  i n s t r u c t i o n   to  an  X - r a y   c o n t r o l   c i r c u i t   23 

to  l e t   the   c o n t r o l   c i r c u i t   23  s u p p l y   a  c o n t r o l   s i g n a l  

to  the   t ube   v o l t a g e   s w i t c h i n g   c i r c u i t   16  m e n t i o n e d  

above   a c c o r d i n g   to  the  d e t e c t e d   s c a n n i n g   s t a t e .   A 

d a t a   c o l l e c t i o n   and  c o r r e c t i o n   c a l c u l a t i o n   c i r c u i t   24 

c o l l e c t s   the  X - r a y   d e t e c t i o n   d a t a   s i g n a l   B  c o r r e s p o n d -  

ing  to  the  a f f e c t e d   p a r t  o f   the  body  10,  d e t e c t e d   by  

the   X - r a y   d e t e c t o r   12  m e n t i o n e d   a b o v e ,   and  e f f e c t s  

c o r r e c t i o n   c a l c u l a t i o n   w i t h   the   d e t e c t i o n   d a t a   s i g n a l  

B  in  a c c o r d a n c e   w i t h   an  i n s t r u c t i o n   s u p p l i e d   f rom  t h e  

CT  m o n i t o r   20.  The  r e s u l t   of  c a l c u l a t i o n   is  s t o r e d  

in  a  d a t a   memory  25.  A  r e c o n s t i t u t i o n   p r o c e s s i n g  

c i r c u i t   26  r e c e i v e s   the   s t o r e d   d a t a   o u t p u t   f rom  t h e  

d a t a   memory  25  and  an  i n s t r u c t i o n  o u t p u t   f rom  the   CT 

m o n i t o r   20  and  r e c o n s t i t u t e   the  X - r a y   d e t e c t i o n   d a t a .  

The  r e c o n s t i t u t i o n   d a t a   is  s t o r e d   in  a  r e c o n s t i t u t i o n  

image  memory  27.  An  image  d i s p l a y   o u t p u t   c i r c u i t   28 

r e c e i v e s   the  s t o r e d   d a t a   f rom  the  r e c o n s t i t u t i o n   i m a g e  

memory  27  and  an  i n s t r u c t i o n   s i g n a l   f rom  the   CT  m o n i t o r  

20  and  s u p p l i e s   an  image  d i s p l a y   o u t p u t   to  the   i m a g e  

d i s p l a y   u n i t   15  m e n t i o n e d   above   f o r   d i s p l a y .   An  i m a g e  

r e c o r d i n g / r e p r o d u c i n g   c i r c u i t   29  r e c e i v e s   the   s t o r e d  

d a t a   from  the  r e c o n s t i t u t i o n   image  memory  27  and  a n  

i n s t r u c t i o n   s i g n a l   from  the  CT  m o n i t o r   20  and  can  l e t  

the  r e c e i v e d   r e c o n s t i t u t i o n   image  be  s t o r e d   on  a  m a g n e -  

t i c   t a p e   30  or  on  a  f l o p p l y   d i s c   3 1 .  

The  CT  m o n i t o r   20  is  c o n n e c t e d   t h r o u g h   a  c o n v e r -  

s a t i o n   o p e r a t i o n   c i r c u i t   32  to  the  c o n s o l e   18  m e n t i o n e d  

a b o v e .   The  c o n v e r s a t i o n   o p e r a t i o n   c i r c u i t   32  can  s e t  

the  o p e r a t i o n   p r o c e d u r e   d e p e n d i n g   upon  the   c o n d i t i o n   o f  

the   CT  s y s t e m   u n d e r   the   c o n t r o l   of  an  i n s t r u c t i o n   s i g n a l  

f rom  the  c o n t r o l   c o n s o l e   1 8 .  



1.  A  me thod   of  c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   i n  

an  X - r a y   c o m p u t o r   t o m o g r a p h i c   a p p a r a t u s ,   c o m p r i s i n g   a  

f i r s t   s t e p   of  c o l l e c t i n g   X - r a y   a b s o r p t i o n   d a t a   of  a  

g i v e n   p l a n e   s e c t i o n   by  mov ing   t o g e t h e r   an  X - r a y   t u b e   a n d  

an  X - r a y   d e t e c t o r   d i s p o s e d   to  f a c e   s a i d   X - r a y   t ube   and  a  

s e c o n d   s t e p   of  r o t a t i n g   s a i d   body  r e l a t i v e   to  s a i d   X - r a y  

t u b e   and  X - r a y   d e t e c t o r   by  a  p r e d e t e r m i n e d   a n g l e   u p o n  

c o m p l e t i o n   of  the   movement   of  s a i d   X - r a y   t ube   and  X - r a y  

d e t e c t o r ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   s a i d   f i r s t  

s t e p   is  to  r e p e a t e d l y   move  s a i d   X - r a y   t u b e   and  X - r a y  

d e t e c t o r   back   and  f o r t h   and  to  c o l l e c t   two  k i n d s   of  X- 

r ay   a b s o r p t i o n   d a t a ,   one  p r o d u c e d   by  a p p l y i n g   a  v o l t a g e  

on  s a i d   X - r a y   t ube   w h i l e   s a i d   X - r a y   t u b e   and  X - r a y  

d e t e c t o r   a re   moving  f o r w a r d   and  the   o t h e r   p r o d u c e d   b y  

a p p l y i n g   a  d i f f e r e n t   v o l t a g e   on  s a i d   X - r a y   t ube   w h i l e  

s a i d   X - r a y   t ube   and  X - r a y   d e t e c t o r   a r e   moved  b a c k w a r d ,  

and  t h a t   s a i d   s e c o n d   s t e p   is  c a r r i e d   ou t   upon  c o m p l e t i o n  

of  e v e r y   r e c i p r o c a t o r y   movemen t   of  s a i d   X - r a y   t ube   a n d  

X - r a y   d e t e c t o r   and  is  r e p e a t e d   u n t i l   s a i d   body  i s  

r o t a t e d   r e l a t i v e   to  s a i d   X - r a y   t u b e   and  X - r a y   d e t e c t o r  

t h r o u g h   at   l e a s t   1 8 0 ° .  

2.  An  a p p a r a t u s   f o r   c o l l e c t i n g   X - r a y   a b s o r p t i o n  

d a t a   in  an  X - r a y   c o m p u t o r   t o m o g r a p h i c   a p p a r a t u s ,  

c o m p r i s i n g :  

c o m p u t e r   means  f o r   e f f e c t i n g   at   l e a s t   o p e r a t i o n s   o f  

s u p p l y i n g   a  s c a n n i n g   s t a r t   s i g n a l   to  an  X - r a y   t ube   a n d  

an  X - r a y   d e t e c t o r ,   r e c e i v i n g   a  s i g n a l   i n d i c a t i v e   of  t h e  

d i r e c t i o n   in  which   s a i d   X - r a y   t u b e   and  X - r a y   d e t e c t o r  

a re   m o v i n g ,   g e n e r a t i n g   a  t u b e   v o l t a g e   s w i t c h i n g   i n s t r u c -  

t i o n   s i g n a l   at  the  c h a n g e   of  t he   d i r e c t i o n   in  wh ich   s a i d  

X - r a y   t u b e   and  X - r a y   d e t e c t o r   a r e   m o v i n g ,   r e c e i v i n g   X-  

ray   a b s o r p t i o n   d a t a   d e t e c t e d   by  s a i d   X - r a y   d e t e c t o r  

w h i l e   s a i d   X - r a y   tube   and  X - r a y   d e t e c t o r   a re   m o v i n g  

f o r e a r d   and  b a c k w a r d   and  p r o v i d i n g   an  i m a g e - f o r m i n g  

o u t p u t   to  a  d i s p l a y   u n i t   and  a l s o   g e n e r a t i n g  



e n e r g y - d e p e n d e n t   d i a g n o s i s   d a t a   from  two  k i n d s   o f  

e n e r g y   d a t a   o b t a i n e d   w h i l e   s a i d   X - r a y   t ube   and  X - r a y  

d e t e c t o r   a r e   mov ing   f o r w a r d   and  b a c k w a r d ;  

means   c o n n e c t e d   to  s a i d   X - r a y   t u b e  f o r  s u p p l y i n g   a  

tube   v o l t a g e   to  s a i d   X - r a y   t u b e ;   a n d  

t u b e   v o l t a g e   s w i t c h i n g   c o n t r o l   means  c o n n e c t e d   b e -  

tween   s a i d   X - r a y   t u b e   and  s a i d   t u b e   v o l t a g e   s u p p l y i n g  

means  fo r   c o n t r o l l i n g   the  s w i t c h i n g   of  d i f f e r e n t   t w o  

v o l t a g e s ,   one  to  be  a p p l i e d   on  s a i d   X - r a y   t ube   w h i l e  

s a i d   X - r a y   t u b e   and  X - r a y   d e t e c t o r   a re   moving   f o r w a r d  

and  the  o t h e r   to  be  a p p l i e d   on  s a i d   X - r a y   t ube   w h i l e  

s a i d   X - r a y   t u b e   and  X - r a y   d e t e c t o r   a re   moving  b a c k w a r d ,  

a c c o r d i n g   to  a  t u b e   v o l t a g e   s w i t c h i n g   i n s t r u c t i o n   s i g n a l  

s u p p l i e d   f rom  s a i d   c o m p u t o r   m e a n s .  










	bibliography
	description
	claims
	drawings
	search report

